by cover, which is the same or similar to the missing one, having suitable thickness, color, texture, resistance and hair distribution. Many parameters have an impact on choosing a method for reconstruction of large acquired scalp defects.
The objectives of our research were evaluation of the results of a large number of patients treated for large acquired scalp defects and comparison of different methods applied in scalp reconstruction. The quality of reconstruction was also evaluated, on the basis of achieved functional and aesthetic results.
█ mATERIAl and mEThODS
This retrospective study included 135 patients with large acquired scalp defects treated at the Clinic for Burns, Plastic █ INTRODUCTION L arge acquired scalp defects are caused by various etiological factors. They most frequently occur upon excision of a tumor, removal of necrotic tissue following irradiation, or with deep burns of this region. Scalp trauma, as one of the factor causing scalp defects, is often accompanied by damage of cranium bones and exposure of meninges and brain structures. These conditions require immediate reconstruction in order to prevent severe complications (16, 26) (Table I) . Criteria applied for inclusion of patients in the study was that authors personally participated in treatment of scalp defects, that it was not possible to close scalp defect by direct approximation of wound edges, and that patients have been monitored at least 6 months after the surgery.
We have followed these parameters in the study: a) patient gender, b) patient age, c) dimension, surface, depth, localization and causes of occurrence of defect, d) quality of surrounding skin, e) presence of co-morbidities, f) previous operations or irradiation in the scalp area, h) cigarette smoking, g) defect closure method, h) patient satisfaction by 5-point Likert scale, i) postoperative complications. Minor complications are accepted by us as those requiring only conservative treatment, whilst major complications are implied as those requiring reoperation up to 30 days after reconstruction procedure or fatal outcome (33) .
Demographic and treatment-related information is summarized using descriptive statistics. Chi-squared test was used for detection of differences of non-parametric data among groups of patients. Differences were tested by Student's t-test and the One-way Analysis (ANOVA) for parametric data.
█ RESUlTS
Out of 135 patients, 75 (55.6%) were males while 60 (44.4%) were females, all of them Caucasians. According to age, patients were divided into three separate groups. In the first group were patients from 20 to 40 years old, who represented 11.1% of all patients. In the second group were patients from 41 to 60 years old, who represented 24.4%, whilst in the third group were patients older than 61 years, who represented 64.4% of all patients. Statistically important, in our study, the patients were most commonly older than 61 years. The average age of our patients was 62 years.
The average value of the scalp defect surface was 93.49 cm 2 (SD=66.37) (Table II) .
According to defect depth, patients were divided into four groups. In the first group were patients with scalp defect of all soft tissues, in this group were 61 patients, or 45.19% of all patients. In the second group were patients with scalp defect of all soft tissues, but with intact and preserved periosteum, 16 patients or 12% were in this group. In the third group were patients with scalp defect of all soft tissues and cranium bones, there were 44 patients or 33% of all in this group. In the fourth group were patients with defect of all soft tissues, cranium bones and dura mater. In this group were 14 patients or 10%.
The localization of the scalp defects of our patients is presented in Table III .
Analysis of variance of defect localization (F=5.347, p=0.000), its size (F=27.414, p=0.000) and thickness (F=12.569, p=0.000) relating to the applied reconstruction method indicated that choosing a reconstruction method is conditioned by these determinants (Table IV) .
Correlation analysis was used to determine the intensity of impact of every of these defect characteristics in particular on choosing a reconstructive method. The quality of surrounding skin around the scalp defect was rated 1, 2 or 3, whereby higher number denotes better quality.
The average quality of the surrounding skin of patients having had complications was 1.78 (SD=0.85), whilst the average quality in whole group was 2.45 (SD=0.72).
Complications occurred in 17.7% of cases. Frequency of major complications was 2.96%, while minor complications occurred in 14.81% of cases. Major complications occurred only in group of patients with defect of all soft tissues, cranium bones and dura mater, and with surface of defect over 100 cm 2 . Total mortality rate of the examined group was 2.2%. There was no intraoperative mortality. Frequency of complications in various groups of our patients is shown in Table V . Average rate of satisfaction of patients by the result of reconstruction was 3.85 (SD=0.796) ( Table VI) .
ANOVA of satisfaction of patients depending on localization of defect, its surface, depth and reconstruction method performed indicates that satisfaction of patient is statistically significantly dependent on the reconstruction method performed (F=8.828, p=0.000) and surface of the defect (F=6.949, p=0.000) (Chart 1).
When observing the level of satisfaction of patients operated by a method with fasciocutaneous flaps and other reconstruction methods, there are statistically highly significant differences (X 2 = 27.296, p=0.000). Average values of level of satisfaction of patients having been operated by method with fasciocutaneous flaps (AV=4.02±0.730) are significantly higher than values of patients having been operated by other methods, AV=3.15±0.796 (Chart 2).
█ DISCUSSION
A defect is a loss of part or a full thickness of tissue. Reconstructive surgery was performed by replacement of tissue in the zone of defect. Treatment outcome was assessed by the basis of aesthetic results (30) . Patients were well informed about the details of the planned procedure, possible alternative methods, aesthetic disadvantages, possible complications and possible subsequent corrections (11, 32, 37) . Basic criteria considered when planning the procedures were in accordance with other studies with a large number of similar patients (2, 9, 19) (Figures 1, 2 ). In our research, there was no statistically significant difference among the examinees according to gender, similar to the studies used for comparison (22, 25, 26, 33, 40) . Owing to the modern way of life and equal exposure to risk factors, nowadays, the average risk for a white person to acquire a large scalp defect is equal between genders.
Probability of occurrence of a large scalp defect increases with age, especially in the sixth decade of life. There are numerous causes of this occurrence. The scalp is one of the most exposed parts of the body to the sun's rays and, therefore, malignant tumors of the skin most frequently occur at this region, and are one of the most common causes of scalp defects. Also, wounds of the elderly heal slowly and the necrotic zones can be larger. The average age of our patients was similar to those in previous related studies (25, 33, 40) .
Selection of the reconstructive method has been mostly affected by depth of defect, size of defect and localization of defect (in this order). A deeper defect requires that the replacing tissue must be more massive, more resistant to mechanical traumas or potential infections and to be able to provide sufficient blood supply. Choice of reconstructive method has been affected by the surface of the defect too. This is because surrounding tissue available for reconstruction is reduced when the surface of the defect is large, and the amount of surrounding tissue is inadequate. Iblher et al. (25) stated that defects spreading to over 50% of the scalp could be closed by local flaps, which is also our opinion. In cases when the defect is too large and when they spread over a great part of the scalp (with exposed bones), the best reconstructive solution to use is free or regional flaps, which we have applied as well. This is in accordance with conclusions of other authors (3, 5, 6, 13, 24, 29, 35) . Although the location of the defect had the least significance of these three, it is still statistically significant for choosing a reconstructive method. It refers to the forehead being an important aesthetic unit and the occiput requiring massive and reliable cover (Figures 3, 4) .
We have applied skin grafts mostly for closure of large defects cum periosteum. Exceptionally rarely, in cases when large scalp defects lack all soft tissues and when free or regional flaps cannot be applied for some reason, conditions for growth of granulations and closure of defects are created by perforation of the denuded cranium. Because graft stability and aesthetic results are most often poor, quality of the cover can be greatly improved by application of the dermal regeneration templates on which the skin graft is placed after three weeks (7, 10, 28, 45) .
Local flaps proved the claim that a similar thing best replaces a similar thing, with suitable texture and color, and sufficient mass with good vascularized tissue. This reconstruction method is easy and fast, but is limited by the amount of available tissue (4, 17, 36, 39, 42) . Functional and aesthetic results of the reconstruction were superior to other reconstruction methods. Good knowledge of scalp anatomy is essential in the planning of the reconstruction as the quality of mutual anastomoses of the blood vessels is not the same in all regions although it is excellently vascularized (43) . The local fasciocutaneous flaps of all types and combinations provided a reconstruction method complications occurred more often when the defect was deeper, and spread over the cranial bones and meninges.
Complications occurred relatively often in a group of patients in which reconstruction was performed by skin grafts, but all of them were minor and they were solved by extended dressings.
Frequency of complications followed by application of local flaps in the literature is from 0% to 11.8% (19, 25, 33, 41) . Minor complications in our review occurred in 2.4% patients, while there were no major complications, indicating that it is the most reliable method. The amount of complications was increased in cases when we combined local flaps with skin grafts, but they were mainly related to non-acceptance of part of the skin graft. Complications were more frequent when we applied regional flaps at a rate of 25%, but they were all minor ones. Frequency of major complications followed by application of free flaps in the literature is 5.7% -20% (3, 14, 26, 44) and that of liquorrhea is 25%-30% (22, 25) , which is similar to our result of 25%.
Satisfaction of patients regarding reconstruction is subjective experience affected by many parameters. Complex analysis of problems and selection of an adequate reconstruction method with precise surgery is necessary for achieving optimal results (9). In our research, satisfaction of patients regarding reconstruction was evaluated as 3.8, which is a very good result. Satisfaction of patients regarding reconstruction gradually decreases by enlargement of the defect surface. When it is about the proportion of defects depth and satisfaction regarding reconstruction we have obtained seemingly a paradoxical result -the least satisfied patients were the ones with defects where periosteum was preserved and the ones where defects were spread over all soft tissues, cranium and dura mater. The reason is because in the cases of large defects, where periosteum was preserved, reconstructions were mainly performed by skin grafts, by which patients were less satisfied. Satisfaction of patients was evaluated as excellent when we performed reconstructions by local flaps and, accordingly, local flaps are the method of choice for reconstruction of small and medium defects, which is also accepted by most of the studies founded in literature (8, 18, 19, 25, 36) . We have achieved very good results when we used expanders, local flaps in combination with skin grafts or distant flaps. In our research, the least satisfied patients were the ones in which reconstruction was performed by skin grafts and free flaps. Such findings corresponds to the data stated in the literature (19, 21, 44 ) when comparing all methods of reconstructions, with the exception of study performed by Denewer et al. (9) where patients were more satisfied by application of free flaps than our patients (Figures 5, 6 ).
█ CONClUSION
The reconstruction method with fasciocutaneus flaps is superior to others regarding patient satisfaction in patients with acquired scalp defects because this type of reconstruction causes complications only rarely. However, the best reconstruction method for large acquired scalp defects is the use of free flaps.
option for us if circumstances allowed. When necessary, we have achieved additional relaxation by parallel incisions of the galea aponeurotica (33) . We could close, with local flaps, defects of all depths, and cover avascular structures or allomaterial used for reconstruction of osseous defects. Therefore, local flaps are the gold standard for reconstruction of small and medium scalp defects (18, 27, 36) .
We have applied local flaps in combination with skin grafts in the cases when direct closure of a location where the flap was taken from was not possible (1, 8, 34) .
We have used distant flaps in the cases when there were no available surrounding tissues and where it was not possible to apply skin grafts or free flaps. Defects of any depth can be successfully closed by these flaps (41) . Sufficient amount of tissue is replaced by distant flaps in the zone of reconstruction and where there are no contour irregularities, but there is obvious difference in quality, skin color and hair distribution. Distant flaps are similar to free flaps regarding these features. The advantage of a method with distant flaps compared to a method with free flaps is that the procedure is simpler and shorter.
Free flaps have been applied in all cases with large defects and no vascularized base. Advantage of free flaps is that defects of any depth spreading over the whole scalp can be closed by free flaps through a single-stage procedure (12, 21) . Disadvantage of the application of microvascular flaps is that the skin always differs in texture, depth and color from the one surrounding a defect, because it originates from other region. Free flaps are undoubtedly the method of choice for reconstruction of large acquired scalp defects (2, 3, 11, 19, 22, 25, 35, 40, 44) .
We have used tissue expanders for reconstruction of scalp defects when surrounding tissue was insufficient to enable the application of a local flap (20, 38) . The quality of tissue was excellent, but the technique required much more time to achieve the necessary expansions. The tissue expanders had the significance further on in correction of alopecia spreading over up to 50% of the scalp surface (15,31).
In our study, complications occurred more often in smokers, patients with diabetes, severe co-morbidities, patients having liquorrhea, patients previously operated on and irradiated in the zone of or around the reconstruction. These were mostly minor complications. All major complications (2.2%-3 patients in total) occurred in patients with defects larger than 100 cm² in whom craniotomy was performed and who have had liquorrhea. The significance of smoking for the frequent occurrence of complications was stated by Eckardt and Fokas on the basis of a series of 500 cases (14), which corresponds to the results we have achieved as well. Frequency of complications in our research is similar to the ones in the literature, 0-21% (18, 19, 22, 26) and it is in accordance with scalp depth, surface and applied reconstruction method.
The results of our research indicate that the occurrence of complications is affected mainly by reconstruction method performed and the surface of the defect, which is in accordance with data we found in the literature (13, 16, 33) . Also, 
